Abstract This study aims to optimize simultaneously the lipid profile and instrumental hardness of low-fat mortadella. For lipid mixture optimization, the overlapping of surface boundaries was used to select the quantities of canola, olive, and fish oils, in order to maximize PUFAs, specifically the long-chain n-3 fatty acids (eicosapentaenoic-EPA, docosahexaenoic acids-DHA) using the minimum content of fish oil. Increased quantities of canola oil were associated with higher PUFA/SFA ratios. The presence of fish oil, even in small amounts, was effective in improving the nutritional quality of the mixture, showing lower n-6/n-3 ratios and significant levels of EPA and DHA. Thus, the optimal lipid mixture comprised of 20, 30 and 50% fish, olive and canola oils, respectively, which present PUFA/SFA (2.28) and n-6/n-3 (2.30) ratios within the recommendations of a healthy diet. Once the lipid mixture was optimized, components of the pre-emulsion used as fat replacer in the mortadella, such as lipid mixture (LM), sodium alginate (SA), and milk protein concentrate (PC), were studied to optimize hardness and springiness to target ranges of 13-16 N and 0.86-0.87, respectively. Results showed that springiness was not significantly affected by these variables. However, as the concentration of the three components increased, hardness decreased. Through the desirability function, the optimal proportions were 30% LM, 0.5% SA, and 0.5% PC. This study showed that the pre-emulsion decreases hardness of mortadella. In addition, response surface methodology was efficient to model lipid mixture and hardness, resulting in a product with improved texture and lipid quality.
Introduction
Meat and meat products are fundamental elements in the human diet, providing essential nutrients, such as protein, fat, vitamins, and minerals. However, from the health perspective, high intake of these products is not recommended, mainly due to their high content of saturated fat (Jiménez-Colmenero 2007) .
Overconsumption of saturated fat is associated with the occurrence of some diseases, such as obesity, colorectal cancer, and coronary heart disease (Zyriax and Windler 2000; Reddy 2002 ). Therefore, continuous efforts have been made by the food industry and food practitioners to develop new meat products with reduced fat levels, in order to suit the recommendations of the World Health Organization (WHO). According to the WHO, the ideal fat intake should represent between 15 and 35% of the total diet energy, and no more than 10% of the calorie intake should come from saturated fatty acids (SFA). Polyunsaturated fatty acids (PUFA) should represent between 6 and 11% (n-6, 2.5-8%; n-3, 0.5-2%) of the total calorie intake, while monounsaturated fatty acids (MUFA) should account for between 10 and 15%, and trans fatty acids should represent no more than 1% (WHO 2003; Jiménez-Colmenero 2007) . Mortadella is a highly consumed and enjoyed emulsified meat product containing up to 30% fat (Jiménez Colmenero 2000) , with predominance of saturated (9.5%) and monounsaturated fatty acids (11.38%) (USDA 2016) . In response to the WHO recommendations, and considering the current consumer demand for healthier meat products, especially the most consumed worldwide, such as mortadella (Berasategi et al. 2011 ), a strategy to improve the nutritional quality of meat products is to change their lipid profile through the substitution of animal fat by other fat sources. An extensive variety of different non-meat fats, such as vegetable and marine oils, have been used as partial fat substitutes (mainly beef and pork fat) in various meat products (Jiménez-Colmenero 2007) .
However, the replacement of animal fat by different non-meat fats represents a major challenge in the development of meat products in terms of both sensory and technological aspects. Fat plays an important role in the manufacturing process as well as in the final texture of mortadella (Saldaña et al. 2015a ). According to Saldaña et al. (2015b) , sensory and instrumental texture properties of mortadella were affected by the level of animal fat in the formulation, since lower hardness was observed in products with higher fat content. Fat reduction promoted changes in the mortadella microstructure, generating products with a more disorganized structure. Consequently, the lower the animal fat amount in the formulation, the harder the mortadella.
Different technological alternatives for animal fat replacement have been studied (Jiménez-Colmenero 2007) . Liquid oils have different physicochemical characteristics compared to animal fats that are commonly used. Liquid oils are liquid at room temperature or even under refrigeration. In this case, the stabilization of oil in pre-emulsions before incorporating into the final product is a promising option in order to avoid liquid loss and produce a more stable meat matrix. Most studies using pre-emulsion as animal fat substitute were based on pre-emulsions composed of a single type of fat or hydrocolloid (DelgadoPando et al. 2010; Cofrades et al. 2013) . However, to the best of our knowledge, there are no studies on the influence of a pre-emulsion of oils and stabilizers on the texture and lipid profile of low-fat mortadella.
In such studies, involving a considerable number of variables, the use of a sequence of two or more experimental designs is an important and useful tool for the optimization process (Granato and Ares 2014) . In previous studies, Marchetti et al. (2014) used the response surface methodology (RSM) to optimize milk proteins and carrageenan contents in low-fat sausages with pre-emulsified fish oil. In another study, Pappa et al. (2000) used RSM to determine the optimum salt and pectin level, when olive oil replaced pork back fat for the production of highly acceptable low-fat frankfurters.
In this context, this study aims to optimize the fatty acid profile of the lipids of the pre-emulsion used as fat replacer and the instrumental hardness of low-fat mortadella.
Materials and methods

Materials
The ingredients used in the formulations were beef meat (forequarter), pork meat (shoulder), and pork back fat that were obtained from a local market (Piracicaba, Brazil). The oils used were olive oil (Olivas do Sul, Brazil), canola, oil (Cargill, Brazil) and fish oil (Carlson, Norway). The materials used for stabilization of oil-in-water pre-emulsion, such as sodium alginate, milk protein concentrate, condiments and other additives were donated by Ibrac Ò (Rio Claro, Brazil). The expandable cellulose casings were donated by Viscofan (São Paulo, Brazil).
Experimental design, modeling and optimization
A sequential strategy of the experimental design was used, composed of two steps. In the first step, an optimization of the mixture of oils of the pre-emulsion was performed using a simplex-centroid mixture design. The second step carried out optimized the constituents of pre-emulsion using a central composite rotatable design.
First step: lipid mixture
Firstly, a simplex-centroid mixture design (SCMD) (Bruns et al. 2005 ) was used to assess the effects of binary and ternary mixtures of olive, canola and fish oils on the n-6/n-3 ratio, polyunsaturated/monounsaturated fatty acid (PUFA/SFA) ratio, and the contents of EPA and DHA. Ten experimental assays were used, in which the independent variables (factors) were olive, canola, and fish oils. The design and the levels for the three independent variables are presented in Table 1 . The oil mixtures were designed to produce a healthier lipid formulation, with low amounts of SFA, high proportions of MUFA and PUFA (including long chain n-3 PUFA), n-6/n-3 and PUFA/SFA ratios in agreement with the health recommendations (DelgadoPando et al. 2010) .
Mathematical modeling was then carried out considering the SCMD responses as a function of the independent variables (lipid source). After which, an analysis of variance was carried out to evaluate the statistical significance and the coefficient of determination (R 2 ) of the cubic equation in order to select the most appropriate model for the experiment. The regression model used to estimate the coefficients is shown in Eq. 1.
where Y is the predicted response, B 1 , B 2 , and B 3 are the regression coefficients for the linear effect; B 12 , B 13 , and B 23 represent the binary interaction of the coefficients, and B 123 represents the ternary regression coefficient. In the same sense, X 1 , X 2 , and X 3 represent the canola, olive, and fish oils. An analysis of variance of the model was performed, where the effects and the linear, quadratic, and cubic regression coefficients were calculated. Next, the regression coefficients were used to generate the two-dimensional contour graphic for each variable. The four responses were then overlapped, in order to select the area of interest (Siche et al. 2015; .
Second step: pre-emulsion components
Once the mixture of olive, canola, and fish oils was optimized, a central composite rotatable design (CCRD) was used to evaluate the proportion of the pre-emulsion components (lipid mixture, sodium alginate, and milk protein concentrate-independent variables) on the instrumental hardness and springiness of mortadella (dependent variables). A CCRD with three independent variables, two levels (2 3 ) and six axial points (a = 1.68) generated seventeen combinations (Table 2) , including three replicates of the central point in order to estimate pure error and assess the lack of fit of the proposed models.
The normality of the residues was evaluated by the Anderson-Darling's test and the homogeneity of the variances by the Levene's test. After these analyses, an analysis of variance on the treatments was carried out and when they were significant, the Tukey's test at 5% of significance was carried out. After analyzing the effects, a second order model was adjusted (Eq. 2).
where Y is the expected response, b 0 is the intercept of the model; b i , b ii , and b ij represent the linear, quadratic and interaction regression coefficients, respectively. X i and X j are the levels of the independent variables, and k is the number of times that each variable was tested (k = 5). The analysis of variance associated with the F-test was applied to verify the significance of the models and the factors that were not significant were removed from the model. The data were then re-fitted for the significant factors only. The lack of fit and the coefficient of determination (R 2 ) were considered in the analysis. Finally, after the construction of the models, a simultaneous optimization was carried out using the desirability function (Derringer and Suich 1980) . Based on a previous study (Saldaña et al. 2015b ), the criteria for the optimization were: for hardness minimum ([ 13 N) and maximum (\ 16 N), and for springiness minimum (\ 0.87), using 60 iterations to render the best mortadella formulation.
Software
The mathematical modeling of the SCMD and CCRD was performed using the software Statistica (version 12.0, StatSoft, USA). XLSTAT (version 2015.5, Addinsoft, Table 1 Simplex-centroid mixture design used to evaluate the effect of canola, olive and fish oils on the polynsaturated/saturated (PUFA/SFA) and omega-3/omega-6 (n-6/n-3) ratios, and eicosapentaenoic (EPA) and docosahexaenoic (DHA) fatty acids contents USA) was used in the study of assumptions of the analysis of variance (ANOVA) and the software Design Expert (version 7.0, Stat Ease, USA) was used to obtain the overlapping of the graphics in the SCMD.
Preparation of oil-in-water pre-emulsions
A mixture of olive (30%), canola (50%), and fish (20%) oils was used. This specific mixture was obtained from the previous optimization using a SCMD. Seventeen oil-inwater pre-emulsions were prepared for addition to the mortadella, following a CCRD ( Table 2 ). The pre-emulsions were prepared by stirring the sodium alginate and milk protein concentrate (these components were established from the study of Saldaña et al. (2015a) with ultrapure water using a magnetic stirrer (IKA, model RH basic 1) at 500 rpm and 60°C, until complete dissolution. After cooling to room temperature, the solution was emulsified with the mixture of oils at 500 rpm for 10 min at 30°C (Delgado-Pando et al. 2010; Marchetti et al. 2014 ). The quantity of water in each combination varied according to the other components (hydrocolloids and oils) in order to obtain a sum of 100%.
Manufacture of mortadella
The mortadella was manufactured at the Meat Processing Plant of the Escola Superior de Agricultura ''Luiz de Queiroz'' (ESALQ), Universidade de São Paulo (USP) according to a CCRD (Table 2 ). For the development of mortadella with partial fat replacement by pre-emulsion, the study of Saldaña et al. (2015b) was considered, which formulated traditional mortadella (full fat) with 16% fat based on the fat content that is commonly found in Brazilian products. Thus, in this study, mortadellas were formulated with 50% animal fat (i.e. 8%) and 8% preemulsion. The ingredients in the basic formulation (g 100 g -1 ) were: 36 g beef forequarter, 30 g pork shoulder, 8 g pork back fat, 0.8 g salt, 1 g seasonings, 0.35 g curing salt (90% salt, 6% sodium nitrite, and 4% sodium nitrate), 
)
Lipid mixture (g 100 g 0.35 g sodium tripolyphosphate, 0.2 g garlic paste without salt, 2 g maltodextrin, and 0.35 g of antioxidant (sodium erythorbate). The mortadella was manufactured as described by Saldaña et al. (2015a) . Meat (without visible fat and connective tissue) and pork back fat (4°C) were ground using a 20-mm plate (Hobart 4B22-2, USA). Beef and pork meat were homogenized for 1 min in a chilled cutter (2°C) (Kramer Grebe Ò , model T160, Germany). Salt, curing salt, phosphates, spices, garlic paste and maltodextrin were added to the meat along with 50% of the ice, required to reduce the mixture temperature to 0°C and prevent protein denaturation. Next, animal fat (pork back fat) and oil-inwater pre-emulsions were added to the formulations. The remaining 50% of ice was then added to the mixture and finally, the antioxidants. The final mixture temperature was 12.5 ± 0.8°C. The batter was stuffed into expandable cellulose casings with a 72 mm radius using a hydraulic stuffer (Frigomaq, model FMQ, Brazil). The thermal treatment was performed in an oven (Verinox, model Junior, Italy), and occurred in two steps. In the first step, the oven temperature was kept at 50°C for 1 hour, with indirect steam and an open chim-ney. In the second step, the temperature was kept at 60°C for another hour, using indirect steam and a closed chimney, and it was halted when the geometric center of the product reached 73°C. After the cooking process, the products were cooled using water spray (20°C) for 30 min before weighing and vacuum packing (Saldaña et al. 2015b ).
Analytical methods
Fatty acid profile of the lipid mixtures
Fatty acid methyl esters were prepared according to the method described by Aldai et al. (2012) . Aliquots (* 10 mg) of the oils were methylated using a 0.5 N methanolic solution of sodium methoxide (NaOCH 3 ) that reacted with the sample at 50°C for 15 min. Then, a methanolic solution of hydrochloric acid (methanol:hydrochloric acid, 95:5, v/v) was added to the sample and it was heated to 80°C for 30 min.
The fatty acid methyl esters (FAME) were analyzed using a gas chromatograph equipped with a flame ionization detector (Shimadzu, model 2010-Plus gas chromatograph, Japan) and a fused silica capillary column (Supelco, model SP-2560, USA, 100 m 9 0.25 mm i.d. 9 0.20 lm film thickness). A heating ramp was used, according to the following temperature program: (1) an increase from 100 to 170°C at 2°C min -1 (kept for 15 min); (2) an increase to 180°C at 0.5°C min -1 ; (3) an increase to 200°C at 10°C min -1 ; (4) an increase to 230°C at 2°C min -1 ; (5) a final hold at 230°C for 13 min. The temperatures of the injector and detector were kept at 240°C. Nitrogen was used as the carrier gas at a flow rate of 1.5 mL min -1 , in a split injection mode, at a 1:30 ratio. Samples (1 lL) were injected and individual FAME peaks were identified by comparison of their retention times with those of the standard (FAME Mix C4-C24, Supelco, USA). The FAME contents were expressed as percentage (%) of the total FAME quantified.
Texture measurements of mortadella
The Texture Profiling Analysis (TPA) was determined to measure the hardness and springiness of the product. The analysis was carried out at room temperature (25 ± 2°C), with a Texture Analyzer (model TA-xT2i, Texture Technologies Corp., USA) as described by Bourne (2002) . Six cylinders (2 cm diameter 9 2 cm height) were taken from the samples (Saldaña et al. 2015a, b) , and subjected to a two-cycle compression test. The samples were compressed to 30% of their original height with a P-35 probe (long shaft, regular base) at a speed of 2 mm s -1 . The following parameters were determined: hardness (maximum force during the first cycle of compression), and springiness (the height at which the food recovers during the time that elapses between the end of the first cycle and the beginning of the second cycle) (Horita et al. 2011; de Almeida et al. 2014) .
Results and discussion
Optimization of the lipid mixture
Fatty acid profile of oils
The oils used in this study were selected in order to obtain a healthy fatty acid profile (i.e. low amounts of SFA, high proportions of MUFA and PUFA, including long chain n-3 PUFA). Olive oil stands out in terms of MUFA content, fish oil is considered the primary source of long chain n-3 PUFA, and canola oil presents the lowest level of SFA among the most common vegetable oils, in addition to presenting high MUFA levels, and intermediate PUFA levels (USDA 2016) .
The lipid profile of the three oils studied showed that the vegetable oils had oleic acid as the major fatty acid of their compositions ([ 50%), followed by linoleic acid, representing 25.68 and 18.67% of the fatty acids of canola oil and olive oil, respectively (Table 3 ). For n-3 fatty acids, canola oil showed the highest amount of linolenic acid and since EPA and DHA are marine-derived n-3 fatty acids, they were found only in the fish oil. The increase in the consumption of n-3 fatty acids, such as linolenic acid, EPA and DHA, has been associated with potential health effects, especially regarding cardiovascular diseases.
For the PUFA/SFA ratio, canola oil showed higher values when compared with the other components, indicating a high PUFA content and a low SFA content. The binary mixture composed of olive and fish oils showed the second highest value, and the ternary mixtures encoded as experimental assay 9 and 10, both formulated with 16.67% canola oil, showed values higher than 2 (Table 1) . The values of the other combinations were all lower than 2, but still higher than 0.4, which is the recommended threshold to keep a healthy diet (Wood et al. 2004 ), since lower ratios may increase the incidence of cardiovascular disease (Cifuni et al. 2004 ).
According to the results reported by Saldaña et al. (2015a) , the PUFA/SFA ratio alone is not enough to indicate the nutritional quality of a fat, since the PUFA analyzed in foods usually contain far more n-6 than n-3 in their compositions, an imbalance that is not recommended for a healthy diet. In this context, it is also important to consider the n-6/n-3 ratio within the PUFAs For the prevention of cardiovascular disease, the recommendation is to reduce this ratio to less than 4 (Salcedo-Sandoval et al. 2014) . The low values are therefore related to healthy diets, as they indicate a higher amount of n-3 fatty acids. In this study, the n-6/n-3 ratio ranged from 0.25 to 4.87. Except for the experimental assay 2 (100% olive oil), none of the lipid compositions had values higher than 4, indicating that a mixture of them, with the appropriate proportions, could improve the lipid quality of a food matrix, especially meat products that usually have high n-6/n-3 ratios (Wood et al. 2004 (Wood et al. , 2008 . As expected, fish oil (experimental assay 3) had the lowest n-6/n-3 ratio, indicating a nutritional advantage compared to the other oils evaluated. This low value also showed that the low PUFA found in this oil did not influence the n-6/n-3 ratio, probably due to its higher n-3 amount. Canola oil also showed a low n-6/n-3 ratio, which was lower than the value found for olive oil. For ternary combinations, the presence of fish oil (experimental assay 10) helped to reduce the n-6/n-3 ratio. Due to the lipid quality of fish oil, it presents high potential to be used for lipid profile improvement of meat products. However, it is important to take into account the oxidative stability and characteristic flavor, which may decrease consumer acceptance of the product (Valencia et al. 2008) . Thus, obtaining a suitable lipid mixture from the nutritional viewpoint, which does not provoke a reduction in consumer acceptance, is a critical factor. To this effect, we aimed to replace the least amount of animal fat, thereby improving the lipid profile of the mortadella, without affecting the sensory properties of product.
Regarding the content of the long-chain n-3 fatty acids, both EPA and DHA were only present in the fish oil and in the ternary combinations in which it was added. There is strong evidence to suggest that the intake of EPA and DHA is related to the prevention of coronary heart disease. The potential mechanisms for the cardioprotective effects include anti-arrhythmic, anti-thrombotic and anti-inflammatory effects, reduction in blood pressure, improved endothelial function, and retarded growth of atherosclerotic plaques (Connor 2000; Geleijnse et al. 2002) . These beneficial health effects show the importance of the supplementation of foods with long-chain n-3 fatty acids.
The fatty acid profile allowed identifying the potential of the different combinations and proportions of the oils studied here. Thus, the next step of the study was to model the dependent variable as a function of the three components of the mixtures, using a mixture design of the response surface methodology. The representation of the contour surfaces, using the special cubic model, is shown in Fig. 1 . The special cubic equation was selected to model the four dependent variables as a function of the three lipid components due to its high coefficient of determination (R 2 ). Thus, it can be seen in Fig. 1 that the PUFA/SFA ratio increases when there is canola oil in the lipid mixture. It also shows that the higher the fish oil in the composition, the lower the n-6/n-3 ratio. Additionally, EPA and DHA levels increase as fish oil increases. The overlaying of graphic surfaces of the four response variables revealed the importance of fish oil, since the addition of a small amount of fish oil was effective for improving the nutritional quality of the mixture. Based on these responses, a mixture of oils within the optimal area ( Fig. 1 -orange filled area of the central triangle) was selected, consisting of 50% canola oil, 30% olive oil and 20% fish oil.
The optimized lipid mixture was modeled and presented the following values: PUFA/SFA = 2.28; n-6/n-3 = 2.30; EPA = 0.81; DHA = 1.66, which are within the recommendations of a healthy diet. The optimized mixture comprised of only 20% fish oil in order to avoid alterations in the sensory characteristics of the product, in agreement with Jiménez- .
Once the composition of the lipid mixture was optimized, the next step of the study was to optimize instrumental hardness and springiness of mortadella, through the partial replacement of animal fat by a pre-emulsion composed by the lipid mixture, sodium alginate and milk protein concentrate, using the Texture Profile Analysis. Optimization of pre-emulsion According to Saldaña et al. (2015b) , fat reduction of mortadella results in an increase in instrumental and sensory hardness. Therefore, the present study aims to optimize instrumental hardness and springiness of the product. To optimize these parameters, the study of Saldaña et al. (2015b) was taken into account. The authors evaluated the microstructure and instrumental and sensory texture of traditional and light mortadella and found that hardness and springiness of Brazilian commercial mortadella ranged from 12.88 to 16.24 and from 0.86 to 0.87, respectively. The results of instrumental hardness and springiness of mortadella with pre-emulsion as animal fat replacer are shown in Table 2 . The two dependent variables show normality of residues (P [ 0.05) and homogeneity of variances (P [ 0.05). There was a significant effect of the treatments on instrumental hardness (P \ 0.05), which ranged from 12.13 to 22.34 N, while springiness was not significantly affected (P [ 0.05). Since there was no significant difference among treatments for springiness (the factors studied, within the levels evaluated, did not influence this response), it was not mathematically modeled. The present work shows positive results regarding mortadella springiness. Marchetti et al. (2014) evaluated fish oil, milk protein and carrageenan in low-fat meat sausages, and Zouari et al. (2012) studied whey powder and carrageenan in turkey meat sausage and found higher springiness in treatments with the addition of a hydrocolloid and milk protein. Figure 2 shows hardness variation regarding the factors evaluated in this research. Instrumental hardness of the product changed according to the concentration of emulsion stabilizers (sodium alginate and milk protein concentrate) in the pre-emulsion. As the concentration of both components increased, hardness decreased. This hardness decrease may be attributed to a water hold-ing capacity caused by the addition of the hydrocolloid, resulting in products with lower resistance to chewing. Similarly Pappa et al. (2000) reported that low-fat frankfurters produced with high pectin levels were very soft. However, Marchetti et al. (2014) studied sausages with the addition of fish oil, milk proteins and carrageenan, and found that carrageenan and milk protein increased product hardness. Since hardening and softening have been observed when a stabilizer is added to low-fat meat products, these results may be due to the amount and characteristics of each ingredient used, as well as the type of meat product studied.
Due to this behavior, it is important to model and find the optimal concentration of each component in order to obtain a product with hardness values between 13 and 16 N. When this texture parameter was evaluated as a function of the emulsion stabilizers and the lipid mixture, Fig. 2 Effect of sodium alginate (SA), milk protein concentrate (PC) and lipid mixture (LM) on instrumental hardness of mortadella an increase in the concentration of the oils resulted in a decrease in hardness. This is in agreement with the findings of other studies that have shown softer texture as a result from the direct incorporation of oils into meat products (Á lvarez et al. 2012) . This is most likely due to the liquid character of oil compared to the solid character of animal fat (Pelser et al. 2007) . Considering the influence of the oil concentrations on hardness, it is also important to find the optimum proportion of the lipid mixture of the preemulsion.
According to the estimated effects of instrumental hardness on mortadella, linear and quadratic effects, as well as the interaction between them, were significant for some of the independent variables studied (SA: sodium alginate, PC: milk protein concentrate, LM: lipid mixture). The polynomial regression model of the instrumental hardness was significant (P \ 0.05) and is described in Eq. 3. 
The coefficient of determination (R 2 ) of the model was 0.93, indicating that the variability of the responses can be satisfactorily explained by the model. In practice, high R 2 values are considered reasonable indicators of suitability of regression models, describing the influence of independent variables (Baş and Boyacı 2007) . The experimental error of 0.14% shows that the experiment was well conducted, and indicates that the obtained model is reliable. The analysis of variance showed that the model did not present lack of fit (P = 0.08), therefore, the model was considered predictive.
The simultaneous optimization of instrumental hardness and springiness was performed using the ''desirability function'', considering the optimal responses of the experimental data, with a small range of variation for each variable (Derringer and Suich 1980) . This function searches for the best option within the ranges of values showed as optimal. From this, the desirability index obtained was 1, and the software indicated the following optimal composition: 0.51% sodium alginate, 0.50% milk protein concentrate and 30% of the lipid mixture.
Conclusion
The response surface methodology was efficient to perform the modeling of the lipid mixture and instrumental hardness of mortadella. The equations developed may be used for predictive purposes. The overlapping of contour surfaces was used to select the proportions of each lipid source, maximizing the PUFAs, specifically the long-chain n-3 fatty acids, such as EPA and DHA. Thus, the optimized proportions of the oils were 20% fish oil, 30% olive oil, and 50% canola oil. The desirability function was used to optimize the components of the pre-emulsion according to instrumental hardness and springiness. The optimized preemulsion was composed of 0.51% sodium alginate, 0.50% milk protein concentrate and 30% of the lipid mixture. Our results confirmed that fat substitution by pre-emulsions modified instrumental hardness. This study can be considered a starting point for further studies that seek to optimize the sensory properties of low-fat mortadella.
